Snorers represent a heterogenous group that require adequate assessment before recommending surgical treatment. There are unfortunately no specific features either in the history or physical examination that might predict those chronic snorers with obstructive sleep apnoea. We have used trained observation together with pulse oximetry ('sleep screening') and fibreoptic nasendoscopy with Muller manoeuvre in our unit to assess snorers. This combination is a reliable means of distinguishing apnoeic patients from simple snorers and determining the level of the obstructing segment. We report our experience in using these methods in the management of 71 chronic snorers. We stress the value of conservative management, and emphasize that obesity, habitual alcohol ingestion and nasal obstruction should be corrected before embarking on pharyngeal surgery.
Introduction
Snoring has long been regarded as merely a social nuisance. However, the recent recognition that sonorous snoring may, as a consequence of upper airway obstruction, constitute a serious risk factor for the development of cardiopulmonary disease has transformed the approach to this condition'< The burgeoning interest in sleep-related breathing disorders can be judged by the large number of related publications from many different disciplines. The dilemma is one of scale as perhaps 30% of adult males are chronic snorerst. There is probably a continuum between snoring and obstructive sleep apnoea in which snorers manifest all the pathophysiological changes of obstructive sleep apnoea during sleep but in a milder form 1 ,3,4. It is both difficult and important to find those who are seriously affected or otherwise prone to the effects of obstructive sleep apnoea. Optimal management of all patients presenting with sonorous snoring, hypersomnolence or restlessness in sleep may require a team approach".
Our intention has been to examine an adult population of chronic snorers prospectively to determine the value of clinical examination and sleep screening in the further management of this condition. We have used nasendoscopy, rhinomanometry and sleep screening to evaluate the degree and level of upper airway obstruction and guide the further management of each patient presenting with snoring.
Materials and methods
Clinical evaluation A group of 71 adult patients with a main complaint of chronic snoring, presenting between January 1985 and July 1988, were studied. An initial history was taken and a specific questionnaire completed. An explanation of the study was then given and informed consent obtained. After a full ENT examination and radiographic studies of the upper afrway each patient was admitted for an overnight' sleep study. On admission the history was checked in detail, a full clinical examination including measurement of sitting blood pressure, height and weight was made. A blood sample was taken for haemoglobin and haematocrit.
Investigation
Each patient was assessed with rhinomanometry, fibreoptic nasopharyngoscopy and overnight sleep study.
Anterior rhinomanometry was used to measure nasal resistance at a sample pressure of 150 Pa 6 , using a nasal resistance meter NRI (Mercury electronics, Glasgow, UK).
Nasendoscopy was performed after topical anaesthesia with 10% cocaine spray. The Olympus fibreoptic nasopharyngoscope (ENF-P) was used to examine the nasal cavities, palatal mechanism, pharyngeal airway and larynx. The results of a Muller manoeuvre, a voluntary forced inspiratory effort with the patient's mouth and nose closed, with the nasendoscope in place, were recorded. Reduction of the pharyngeal diameter by 50% or more was regarded as a positive result and the site of collapse noted.
Sleep screening was performed using transcutaneous oxygen saturation measurement and observation by a trained nurse observer. An Ohmeda Biox III oximeter was used for trancutaneous measurement of oxygen saturation and pulse waveform derivative. Observation over a 7-h sleep period detailed at regular intervals the presence of snoring, its intensity on an arbitary scale of 1-5, the patient's position, mouth breathing, respiratory rate, apnoeic episodes, chest wall and abdominal movement.
There is no universally accepted grading system for snoring or apnoea. Determinants such as snoring volume, apnoeic severity or clinical features may be used as criteria". We have used a qualitative clinical scale to grade each patient dependent upon the sleep study findings'' ( Table 1) .
Statistical methods
The value of specific questions in predicting apnoea was judged by comparing the patient's responses to a screening questionnaire with the sleep study findings (which was assumed to give the correct assessment). The sensitivity, specificity and Youden's index of each question in predicting apnoea and obstructive sleep apnoea syndrome (OSAS), was 
Management
All patients were counselled according to the severity of their snoring disturbance. When appropriate, advice was given on diet, smoking, alcohol consumption, sleeping posture and sleep habits. Strong emphasis was given to reducing weight and patients were referred to a dietician if more than 20% above their ideal weight. Symptomatic nasal obstruction was corrected by appropriate medical or surgical means. Patients who continued to snore were finally offered uvulopalatopharyngoplasty (UPPP).
Results
Patients A total of 71 subjects, 60 male and 11 female, with a primary complaint of chronic snoring were studied. Their ages ranged from 22 to 77 years, mean 48.7 years, median 47.0 years. Mean symptom duration was 9.9 years prior to presentation (range 1-30 years) and most patients attended in response to complaints from a sleeping partner, in one case from a neighbour's complaint about excessive noise. We identified seven patients with obstructive sleep apnoea syndrome (OSAS) on sleep screening. A further 14 patients suffered apnoeic episodes of varying frequency and duration, but not sufficient to fall within the accepted criteria for OSAS. The remainder of the group, 50 cases, were free of any apnoeic episodes on a single night's study ( Table 2) .
Although our patients with apnoea tended to be heavier than those with simple snoring there was no statistical difference between these groups. The mean variation from an ideal 'weight for height', based upon metropolitan life insurance tables, for our patients is shown in Table 3 . Almost all those with obstructive sleep apnoea syndrome were male. Source: General insurer's statistics
Symptoms
The value of symptoms as predictors of apnoea was investigated by tabulating the frequency, sensitivity, specificity and Youden's index for the responses to the questions asked (Tables 4 and 5 ). Snoring of itself was a primary requirement for study and when severe appears more likely to be associated with apnoea. Twice as many patients in all grades were observed to be constant rather than intermittent snorers, which did not help predict apnoea.
The presence of hypersomnolence, nocturnal waking, morning headache and the presence of snoring for more than 10 years were better predictors of apnoea than most other questions. This may well reflect the fact that the patient's perception of his sleep disorder can only be judged by symptoms manifest when awake. A full history about sleep disordered problems must involve the spouse to be meaningful. Questions about restlessness and apnoea may then prove valuable but did not appear so in our series. Memory loss was admitted by 10 patients which bore no relation to snoring volume or apnoea severity.
Most patients in our series had bed partners, (67 ex 71), of whom 27 (40%) were driven to sleep in separate bedrooms. There was an apparent relationship with snoring volume although there was no statistical significance for either snoring severity or apnoea. Interestingly there was almost no separation of partners among the OSAS group.
Alcohol is well known to exacerbate snoring and apnoea. In our patients there was an almost equal division between those admitting to an exacerbation of symptoms with alcohol and those not. Those patients with increased snoring associated with alcohol admitted to a significantly higher alcohol intake 2.4 units/day against 0.6 units/day for those without exacerbation (P< 0.01 one tailed U test).
The low Youden's values for all questions indicate their lack of value as predictors of apnoea.
Examination findings
Palatal thickening and congestion, when present, were noted only in apnoeic patients. Obesity seems more prominent in those more severely affected (Table 3 ). There is a rise in ideal weight and collar size with grade, but this was not statistically significant. There was neither any consistent pattern of either mean or diastolic blood pressure with snoring severity nor apnoea among our patients.
Investigations
The rhinomanometry measurements of mean nasal resistance and the inter-nasal resistance difference were considered for each patient. There was no correlation between rhinomanometry findings and snoring severity for either grade or volume. Nasendoscopy findings are not readily quantified but naso-oropharyngeal narrowing appeared more frequent with increasing snoring grade. Pharyngeal collapse on Muller manoeuvre was observed more frequently with rising grade ( Table 6 ). The site of pharyngeal collapse was predominantly at the palatal level although several patients demonstrated collapse at the level of the tongue base. A highly significant finding was the presence of collapse at both sites in four patients all of whom were apnoeic.
There was no significant correlation between plane radiological assessment of the upper airways with snoring severity within our series. There were no specific structural abnormalities or grossly reduced airway dimensions in any of our patients.
There appeared a rise in haemoglobin and haematocrit associated with snoring severity and apnoea. Also we noticed a reduction in the maximum transcutaneous oxygen saturation with rising grade. These observations did not however prove to be of statistical slgnificance. Muller positive with >50% reduction in airway diameter Treatment Surgical treatments were not uniformly applicable and only 39 patients were operated upon. Weight loss was pursued energetically in 11 patients with cure of snoring in five cases and improvement in the remainder. Those patients with reversible nasal obstruction were assessed for evidence of rhinitis and six cases were treated with topical nasal steroids all with improvement. Patients with consistent nasal obstruction from structural causes were recommended surgery and 12 cases were treated by septal surgery and turbinate reduction (10 much better, two some improvement). Uvulopalatopharyngoplasty was performed on 24 patients with chronic snoring and a demonstrated narrowing of the velopharyngeal sphincter after weight reduction when necessary. Three patients with palatal sphincter narrowing and negative Muller manoeuvre who were snorers without apnoea were offered the lesser operation of tonsillectomy with advancement of the posterior faucial pillar and apposition of palatopharyngeus to palatoglossus. All three cases gained sustained relief from their snoring which was almost completely abolished. This procedure, not hitherto described as a treatment for snorers, is a lesser operation than uvulopalatopharyngoplasty with significantly lower morbidity which appears effective and can be considered as an alternative in some patients.
In our series all but one patient admitted to reduced snoring after UPPP. There was an improvement in snoring grade in 17 of the 24 patients. A variable benefit accrued from UPPP in respect of apnoea. The frequency and severity of apnoea was reduced in all patients such that four of five patients of grade III were relieved of their apnoea but only four of seven patients with OSAS were significantly improved and the remaining three patients retained their symptoms. These unimproved patients showed multi segment collapse on Muller manoeuvre. There were few complications from UPPP and none serious.
Nasal CPAP was used to effectively treat one patient with severe apnoea who was unsuitable for surgery.
Discussion
The relative paucity of established sleep laboratories in this country is in itself evidence of the problems of examining the sleeping patient by formal polysomnography. The necessary facilities for polysomnography are unfortunately beyond the range of most departments. A simpler and effective method of assessing the degree of airways obstruction in a sleeping patient is the combination oftranscutaneous measurement of the oxygen saturation of the blood together with trained clinical observation or 'sleep screening'P.
Sleep screening overcomes many of the disadvantages of polysomnography and provides essential information about the degree of nocturnal airway obstruction. Obstructive apnoeic episodes can be diagnosed most readily by clinical observation. A trained observer can distinguish the characteristic pattern of obstructive sleep apnoea with abdominal straining and chest movement without airflow. Oximetry with recording allows any oxygen desaturation events and cardiac dysrhythmias to be identified and provides an index of the physiological upset. Nocturnal hypoxaemic events do not always represent apnoea. Clinical observation can distinguish hypoxic episodes attributable to movement artefact, chronic pulmonary disease or apnoea without recourse to polysomnography.
Formal polysomnography is important to identify the problem in atypical patients and in the further assessment of suspect central sleep apnoea. Such cases should be submitted to a regional centre for investigation.
There are significant pointers in the patient's history which should raise suspicion of obstruction, including snoring, apnoeas, morning headache, excessive daytime somnolence, abnormal motor activity and sweating during sleep. Although careful history taking is important and these features should alert the clinician to the possibility of apnoea our results show they are not individually diagnostic. Hypersomnia is a significant symptom but its absence does not exclude sleep apnoea!', Patients are not always aware they have a problem, up to two-thirds of patients presenting with snoring alone have obstructive apnoeic episodes", Clearly a case can be made for screening all patients who snore.
Examination findings may indicate a predisposing cause for obstructive apnoea such as obesity, disproportion of the upper airway, nasal block or laryngeal disorders. The consequence of a longstanding problem may also be reflected in hypertension or cor pulmonale. Clearly more information than simple examination alone is required to identify the severity of sleep apnoea and to identify the level of airways obstruction.
Nasendoscopy has been used in the sleeping patient with obstructive sleep apnoea syndrome to define the mechanism of upper airway obstruction'P-". The obstructive level in conscious patients can be identified by the Muller manoeuvre with fibreoptic examination. This information correlates well with the findings when asleep-", While the results from UPPP were enhanced using this selection technique, not all patients with ideal responses to Muller were successfully managed by UPPP15. We believe this technique probably represents the most simple and reliable test for identifying the site of obstruction and excluding other types of airways obstruction.
Lateral radiology of the upper airways may show soft tissue abnormalities impinging upon the airway. However, they do not provide much help in locating the site of functional obstruction. Recent interest in lateral cephalometry, does suggest distinct advantages for this technique in demonstrating abnormal jaw relationships and related airway reduction'", and also allows comparison over a period of time.
There is no clear direct relationship between obesity and snoring but a significant proportion of chronic snorers are obese!". Our data suggests that obesity is associated with the severer forms of sleep apnoea and that the sleep disturbance may be improved by weight loss. It may be difficult for the patient to lose weight and careful dietary supervision is required in the long term with surgical intervention being considered in the grossly obese to achieve weight loss and enhance the ai rway18-20.
The pulmonary effects of obesity include restriction of chest wall movement, a tendency to reduced lung volumes with relative perfusion mismatch'" and a change in the hypoxic and hypercapnic response curves 22. The combination of factors will tend to enhance hypoxaemic episodes in the overweight patient with sleep apnoea. Indeed we have observed that weight loss of a sufficient degree has been accompanied by reduced somnolence, a decreased frequency of apnoeas and improved oxygenation. Interestingly, several of our uvulopalatopharyngoplasty patients volunteer the information that weight loss has suddenly become much easier in the postoperative period.
Reduced pharyngeal airway dimensions in apnoeics predispose to airway collapse, enhanced by increased pharyngeal compliance 23 • 24 • The problem of obstruction at multiple levels of the upper airway is one that UPPP can rarely solve alone because it affects only one level. Alcohol may induce or aggravate obstructive sleep apnoea in snoring subjects. There may be several mechanisms for these effects but alcohol-induced hypotonia of the oropharyngeal muscles combined with a depression of arousal mechanisms will first initiate then prolong obstructive apnoeic episodes'". A period of alcohol abstinence should be tried in the management of snorers and combined with weight loss.
Nasal obstruction may predispose to hypopnoeas and apnoeic episodes during sleep26. 27 . It is presumed that inspiration against increased nasal resistance enhances negative intrapharyngeal pressure, thereby inducing collapse of the pharyngeal airway'". Surgical correction of nasal obstruction may be important in the long-term care of these patients 2B • 29 • Unfortunately we have found little benefit from the measurement of nasal resistance, which may vary with temperature, humidity, allergen exposure and posture as well as underlying structural problems, in the selection of patients for surgery or the identification of apnoeics.
Careful assessment of the chronic snorer will point to the degree of airway obstruction and its location. Furthermore, those factors operating against each patient can be identified and many cases can be helped conservatively without recourse to surgery. We have managed 38% of our patients conservatively and although we are still analysing the long-term results of treatment it certainly appears that surgery has a restricted but valuable place in the management of snorers.
